In response to the requirement for higher output of diesel engines in the recent years, IHI (Ishikawajima-Harima Industries Co., Ltd.) has recognized that a turbocharger with higher pressure-ratio and volume-flow rate will be required, and has commenced the development of such a turbocharger. One of the important technologies to develop the turbocharger with floating bush bearings is the evaluation of design parameters such as bearing peripheral temperatures and rotational speed of floating bush bearings. The present paper describes some measurements in a small size marine turbocharger to evaluate peripheral temperatures of the bearing, rotor vibration and rotational speed of 3-arc geometry floating bush bearings by using a slip ring system. Then for the rotational speed of floating bush bearings we have compared the prediction by a infinite length theory with measurements. The acquired results will be applied for designing of floating bush bearings.
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1.Introduction
In recent years, turbochargers for vessels have become an important technology because of the higher output of diesel engines, in order to prevent global warming and air pollution, and other problems. In addition, users of turbochargers have been making greater demands regarding performance and reliability over the years. In order to cope with these demands, manufacturers have been making great efforts to improve existing models and developing new ones. To cope with the higher output of engines, pressure ratios and volume-flow rate have been increased by increasing the rotational speed of turbochargers, but this has added to the stress on journal bearings and it is forecast that strength problems will become increasingly severe. Under such severe operating conditions, joumal bearings can be damaged when a number of adverse conditions occur, such as increased imbalance in the rotor shaft, foreign matter in lubricants, etc.
Then, usually floating bush bearings have been adopted for turbochargers that have high rotational speeds, because they have less mechanical loss as journal bearings and because, in general, they have superior vibration stability. The performance of floating bush bearings, such as load canying capacity, are affected considerably by parameters, such as the inner/outer circumference oil film temperature and length in the axial direction of floating bush bearings, relative rotational speeds and radius gap between the rotor shaft and floating bush bearing, etc. Therefore, it is technologically important to design bearings with these parameters in mind.
In this report, a small size marine turbocharger was tested to measure the inner/outer circumference oil film temperature of floating bush bearings using a slip ring system during the rotating condition.
In Figure 5 shows the temperature around the bearings, rotor rotational speed and test bush rotational speed trends during the forced rotation tests. This diagram indicates that the test bushes will continue rotating once they start turning, even if the rotor rotational speed falls below that at which the test bushes start rotating.
Test Bush Forced Rotation Test at Air Operation
The conditions for this test only differ from the preceding test bush rotation start confirmation test in that the NFB is already rotating when Nt is 2000 rpm.
Therefore, the sudden temperature decreases at TFBin and TFBout seen at about 30 minutes and 40 minutes when NFB started to rotated in Figure 3 cannot be seen in Figure 5 .
In addition, in this test when Nt is between 2000 rpm and 50000 rpm, there was little temperature difference between TFBout(C) and TFBout(T) , but for TFBin(C) and TFBin(T) was not confirmed because of sensor connection error for TFBin(C). The reason for little temperature difference is believed to be because the test bushes are already rotating, so that lubricant is already being evenly supplied to the compressor side and turbine side test bushes. found that vibration circles for the combustion gas operation are almost smaller than the result of air operation. Figure 9 shows the rotational speed confirmation test results for the turbine side and compressor side test bushes.
Test Bush Rotational Speed Confirmation Test
The symbols used are the same as those used in Figure 3 .
The horizontal axis shows Nt and the vertical axis shows the ratio between NFB and Nt. As an overall trend, because the bearing load on the compressor side bush is smaller, it has a higher rotational speed when the measurement conditions are same. In comparison with air operation and combustion gas operation,
As for the trend of the bush rotational speed, the rotational speed for combustion gas operation is higher than the speed for air operation. Figure  10 shows the temperature around the bearings, In equation (6), S indicates the dimensionless quantity Sommerfeld number that indicates the bearing performance.
Stationary Condition Test
Next, from the shearing force that is applied to test bushes, the inner circumference torque Tin and outer circumference torque Tot of the test bushes can be calculated and represented by the following equation.
•¬ (7) In equation (4) and equation (7), the load canying capacities and friction torque of the inner and outer circumferences of the test bushes balance out, so that the following relation is obtained.
•¬ (8) Note that in regard to the upper part of equation (8) •¬ (9)
With regard to ƒÖ/ƒ ¶, we can get the two following equations.
•¬ (10) If these two w/Q are equal, then the following balancing equation is obtained.
•¬ (11) In order to calculate the test bush rotational speed ratio w/Q for the rotor, first R1, i1in, N1, N2, Pm,in must be input into the upper part of equation (6) (3) Once the test bushes start to rotate, even if the rotor rotational speed is decreased to below the rotational speed at which the test bushes started to rotate, the test bushes will continue to rotate.
(4) We examined the parameter that had the greatest effect on peripheral bearing temperature during combustible gas operation. As a result, we found that turbine inlet temperature had almost no effect, and that lubricant inlet pressure only had a slight effect. We found that lubricant inlet temperature had the greatest affect on peripheral bearing temperature.
(5) With regard to the test bush rotational speed, we calculated a theoretical equation that considered lubricant viscosity, and compared it with the measured values. As a result, we found that for the air operation the actual measurements were about 30 points lower than the calculated values and for the combustion gas operation the actual values were about 10 points lower, however, we also found that infinite width approximation theory can be applied to three-lobe bearings. 
